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57 ABSTRACT

Technologies are generally described for forming a nano-
fluid coolant and structures including a nanofluid coolant. In
an example, a method of forming a nanofluid coolant may
comprise combining a compound with an acid and with
purified water to form a solution. The compound may
include manganese. The method may further include heating
the solution and, after heating the solution, cooling the
solution effective to form at least one precipitate that
includes manganese and oxygen. The method may further
include filtering the at least one precipitate to form a powder
that includes manganese oxide nanotubes. The method may
further include functionalizing the nanotubes by irradiating
them with UV radiation. The method may further include
combining the functionalized manganese oxide nanotubes
with a polar solvent to form the nanofluid coolant.
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1
NANOFLUID COOLANT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. national stage filing under 35
U.S.C. §371 of International Application No. PCT/IB2011/
003101 filed Dec. 21, 2011, which in turn claims priority to
the Indian Patent Application No. 3590/CHE/2011 filed Oct.
19, 2011, the entirety of which is hereby incorporated by
reference.

BACKGROUND

Unless otherwise indicated herein, the materials described
in this section are not prior art to the claims in this appli-
cation and are not admitted to be prior art by inclusion in this
section.

Cooling methods may be used to maintain reliability and
performance of devices such as computers, power electron-
ics, car engines, etc. Air cooling may be used to cool some
devices by blowing air across the device so that heat may
flow from the device to the air. A heat transfer fluid may be
used in liquid cooling where heat from the device may flow
to the fluid such as by immersion of the device in the fluid
or through application by a jet impingement of the fluid upon
a hot spot in the device.

SUMMARY

In some examples, a method of forming a nanofluid is
generally described. The method may include combining a
compound with an acid and with purified water to form a
solution. The compound may include manganese. The
method may further include heating the solution and, after
heating the solution, cooling the solution effective to form at
least one precipitate that includes manganese and oxygen.
The method may further include filtering the at least one
precipitate to form a powder that includes manganese oxide
nanotubes. The method may further include combining the
manganese oxide nanotubes with a polar solvent to form the
nanofluid coolant.

In some examples, a system effective to implement a
method of forming a nanofluid is generally described. In
some examples, the system may include a first container, an
oven, a filter and a second container arranged in operative
relationship. The first container may be configured to receive
a solution. The solution may include a compound, an acid,
and purified water. The compound may include manganese.
The oven may be arranged in operative relationship with the
first container. The oven may be configured to receive the
solution, and heat the solution to form at least one precipi-
tate. The at least one precipitate may include manganese and
oxygen. A filter may be arranged in operative relationship
with the oven. The filter may be configured to receive and
filter the at least one precipitate to form a powder. The
powder may include manganese oxide nanotubes. The sec-
ond container may be arranged in operative relationship with
the filter. The second container may be configured to receive
the powder and combine the manganese oxide nanotubes
with a polar solvent to form the nanofluid coolant.

In some examples a nanofluid is generally described. In
some examples, the nanofluid coolant may include function-
alized manganese oxide nanotubes and a polar solvent.

In some examples a method of forming a nanofluid is
generally described. The method may include combining
KMnO, with an acid and with purified water to form a
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solution. The method may further include heating the solu-
tion; and after heating the solution, cooling the solution
effective to form at least one precipitate that includes man-
ganese and oxygen. The method may further include filter-
ing the at least one precipitate to form a powder that includes
manganese oxide nanotubes. The method may further
include irradiating the powder with electromagnetic radia-
tion effective to form functionalized manganese oxide nano-
tubes. The method may further include combining the func-
tionalized manganese oxide nanotubes with a polar solvent
to form the nanofluid. An electrical conductivity of the
nanofluid may be greater than about 53% of the electrical
conductivity of the polar solvent at a temperature in a range
of about 23 degrees Celsius to about 52 degrees Celsius. A
thermal conductivity of the nanofluid may be greater than
about 45% of the thermal conductivity of the polar solvent
at a temperature in a range of about 23 degrees Celsius to
about 52 degrees Celsius. A volume percentage of the
functionalized manganese oxide nanotubes in the nanofluid
may be less than about 0.04 volume %.

In some examples, a nanofluid is generally described. The
nanoffuid may include functionalized manganese oxide
nanotubes and a polar solvent. An electrical conductivity of
the nanofluid may be greater than about 53% of the electrical
conductivity of the polar solvent at a temperature in a range
of about 23 degrees Celsius to about 52 degrees Celsius. A
thermal conductivity of the nanofluid may be greater than
about 45% of the thermal conductivity of the polar solvent
at a temperature in a range of about 23 degrees Celsius to
about 52 degrees Celsius. A volume percentage of the
functionalized manganese oxide nanotubes in the nanofluid
may be less than about 0.04 volume %.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the
following detailed description.

BRIEF DESCRIPTION OF THE FIGURES

The foregoing and other features of this disclosure will
become more fully apparent from the following description
and appended claims, taken in conjunction with the accom-
panying drawings. Understanding that these drawings depict
only several embodiments in accordance with the disclosure
and are, therefore, not to be considered limiting of its scope,
the disclosure will be described with additional specificity
and detail through use of the accompanying drawings, in
which:

FIG. 1 illustrates an example system that can be utilized
to implement nanofluid coolant formation;

FIG. 2 illustrates an example system that can be utilized
to implement nanofluid coolant formation;

FIG. 3 illustrates a graph of Thermal conductivity (W/m
K) v. Volume fraction (%) of MnO, nanotubes in a base fluid
of de-ionized water;

FIG. 4 illustrates a graph of Thermal conductivity (W/m
K) v. Volume fraction (%) of MnO, nanotubes in a base fluid
of ethylene glycol;

FIG. 5 illustrates a graph of Thermal conductivity (W/m
K) v. Temperature (degrees Celsius) for MnO, nanotubes in
a base fluid of de-ionized water;

FIG. 6 illustrates a graph of Thermal conductivity (W/m
K) v. Temperature (degrees Celsius) for MnO, nanotubes in
a base fluid of ethylene glycol;
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FIG. 7 illustrates a graph of Electrical conductivity (uS/
cm) v. Temperature (degrees Celsius) for de-ionized water
and for MnO, nanotubes combined with a base fluid of
de-ionized water;

FIG. 8 depicts a flow diagram for an example process for
forming a nanofluid coolant;

FIG. 9 illustrates a computer program product that can be
utilized to implement nanofluid coolant formation; and

FIG. 10 is a block diagram illustrating an example com-
puting device that is arranged to implement nanofluid cool-
ant formation;

all arranged according to at least some embodiments
described herein.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof. In
the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. The illustra-
tive embodiments described in the detailed description,
drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the
subject matter presented herein. It will be readily understood
that the aspects of the present disclosure, as generally
described herein, and illustrated in the Figures, can be
arranged, substituted, combined, separated, and designed in
a wide variety of different configurations, all of which are
explicitly contemplated herein.

This disclosure is generally drawn, inter alia, to systems,
methods, materials and apparatus related to a nanofluid
coolant and the formation of a nanofluid coolant.

Briefly stated, technologies are generally described for
forming a nanofluid coolant and structures including a
nanofluid coolant. In an example, a method of forming a
nanofluid coolant may comprise combining a compound
with an acid and with purified water to form a solution. The
compound may include manganese. The method may further
include heating the solution and, after heating the solution,
cooling the solution effective to form at least one precipitate
that includes manganese and oxygen. The method may
further include filtering the at least one precipitate to form a
powder that includes manganese oxide nanotubes. The
method may further include functionalizing the nanotubes
by irradiating them with UV radiation. The method may
further include combining the functionalized manganese
oxide nanotubes with a polar solvent to form the nanofiuid
coolant.

It will also be understood that any compound, material or
substance which is expressly or implicitly disclosed in the
specification and/or recited in a claim as belonging to a
group or structurally, compositionally and/or functionally
related compounds, materials or substances, includes indi-
vidual representatives of the group and all combinations
thereof.

As discussed in more detail below, manganese oxide
nanotubes may be formed and combined with a base liquid
to form a nanofluid coolant. In some examples, the nano-
tubes may be hollow such as having an internal cavity that
may or may not be symmetrical such as being substantially
hollow, approximately hollow, partially filled, non-sym-
metrically hollow, etc. The nanotubes may have at least two
physical dimensions each between about 1 nm and 100 nm.
In some examples, the nanotubes may have a tube shape
with a diameter in a range of about 25 nm to about 100 nm,
a length in a range of about 1 mm to about 10 mm and/or an
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aspect ratio of about 10 to about 100. In some examples, as
explained in more detail below, combining the manganese
oxide nanotubes with the base liquid may form a nanofluid
coolant with relatively higher thermal conductivity and with
relatively little increased electrical conductivity compared
with the base liquid alone.

FIG. 1 illustrates an example system that can be utilized
to form a nanofluid coolant in accordance with at least some
embodiments described herein. An example nanofluid cool-
ant formation system 100 may include a source of a com-
pound 102, a source of an acid 108, a source of purified
water 110, and/or a source of a base fluid 140. Nanofluid
coolant formation system 100 may further include a con-
tainer 106, an oven 118, a filter 134, an oven 124, a container
128, an electromagnetic radiation source 130, a container
136 and/or a sonicator 138 all disposed in operative rela-
tionship. Sources 102, 108 and 110 and container 106 may
be configured in communication through respective valves
144, 146 and 148. Source 140 and container 136 may be
configured in communication through a valve 152. At least
some of these elements may be arranged in communication
with a processor 180 through a communication link 182. In
some examples, processor 180 may be adapted in commu-
nication with a memory 184 that may include instructions
186 stored therein. Processor 180 may be configured, such
as by instructions 186, to control at least some of the
operations/actions/functions described below.

FIG. 2 illustrates an example system that can be utilized
to implement nanofluid coolant formation in accordance
with at least some embodiments described herein. The
system of FIG. 2 is substantially similar to system 100 of
FIG. 1, with additional details. Those components in FIG. 2
that are labeled identically to components of FIG. 1 will not
be described again for the purposes of clarity.

In an example, compound 102 may be combined with acid
108 and purified water 110 in container 106, such as by hand
or machine through application of valves 144, 146, 148. In
some example, the start, stop, and/or rate of the flow of
various materials into container 106 via the valves may be
facilitated by a control process that is operated by processor
180. In some examples, compound 102 may include potas-
sium, manganese and oxygen, such as KMnO,. Acid 108
may include, for example, HC1, HNO;, H,SO,,, etc. Purified
water 110 may include, for example, distilled or de-ionized
water. In an example, a ratio of KMnO,, to HCl to purified
water may be about 1.2 g:about 50 ml:about 50 ml. The
combination of compound 102, acid 108 and purified water
110 may be stirred by stirrer 104 for a time interval of about
10 minutes to about 60 minutes to form a solution 114.

Solution 114 may then be placed, such as by hand or
machine, in an oven 118. In an example, oven 118 may be
an autoclave in an oil bath. In an example, oven 118 may be
controlled (e.g., via a control process facilitated by processor
180) to a temperature in a range of about 100 degrees
Celsius to about 180 degrees Celsius. Solution 114 may be
heated in oven 118 for a time interval of about 10 hours to
about 14 hours. A temperature of oven 118 may then be
cooled to a temperature in a range of about 20 degrees
Celsius to about 30 degrees Celsius over a time interval of
about 1.5 hours to about 2 hours to form precipitates 116
including manganese and oxygen such as MnO,. In some
examples, precipitates 116 may be brown in color.

Precipitates 116 may be collected and filtered through a
filter 134. Precipitates 116 may be rinsed and filtered with
filter 134 to form a powder 122 including manganese oxide
nanotubes. In some examples, filter 134 may include a nitro
cellulose membrane filter or a TEFLON filter with a pore
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size of about equal to or less than 0.22 micrometers. In an
example, filter 134 may be used in a decantation process.
Powder 122 may be repeatedly filtered, such as for example
four repetitions, through filter 134 including being washed
with water, until powder 122 has a pH of about 7. The water
may be at a temperature in a range of about 60 degrees
Celsius to about 70 degrees Celsius.

Powder 122 may be placed, such as by hand or by
machine, into an oven 124. Oven 124 may be controlled
(e.g., via a control process facilitated by processor 180) to
dry powder 122 at a temperature of about 70 degrees Celsius
to about 90 degrees Celsius in air to form dried MnO,
nanotubes 126. Dried MnO, nanotubes 126 may be placed,
such as by hand or machine, in a container 128 including air.
Electromagnetic radiation source 130 may be arranged in
operative relationship with container 128. Electromagnetic
radiation source 130 may be configured effective to, such as
by control of processor 180, irradiate dried MnO, nanotubes
126 in container 128 with electromagnetic radiation in a
wavelength of about 100 nm to about 400 nm for a time
interval of about 1 hour to about 7 hours to form function-
alized MnO, nanotubes 132. In an example, electromagnetic
radiation source 130 may be adapted to irradiate light with
a photon energy of about 4.9 eV. Light from electromagnetic
radiation source 130 may be effective to dissociate oxygen
molecules in container 128 into singlet and triplet oxygen
atoms. These active oxygen species, when directed toward
the MnO, nanotubes 132, may break molecular bonding of
the surface of nanotubes 132. These oxygen species may
also cause attachment of hydrophilic radicals, such as OH
groups, with side chains to improve surface quality of
nanotubes 132 and may make the surface of nanotubes 132
hydrophilic.

Functionalized MnO, nanotubes 132 may be combined,
such as by hand or machine, through control of valve 152
with a base liquid 140 in container 136. Base liquid 140 may
include a polar solvent such as distilled water, de-ionized
water, ethylene glycol, propylene glycol, etc. In an example,
a volume percentage of functionalized MnO, nanotubes 132
with respect to base liquid 140 may be about 0.0001 volume
% to about 0.1 volume %.

A sonicator 138 may be controlled, such as by processor
180, to disperse functionalized MnO, nanotubes 132 in base
liquid 140 for a time interval of about 20 minutes to about
60 minutes at about 20 kHz, to form nanofluid coolant 142.
Sonicator 138 may help disperse nanotubes 132 resulting in
a nanofluid including relatively homogenous dispersion of
functionalized MnO, nanotubes 126 in base liquid 140.

FIG. 3 illustrates a graph of Thermal conductivity (W/m
K) v. Volume fraction (%) of MnO, nanotubes in a base fluid
of de-ionized water. F1G. 3 illustrates that, in an example, an
increase in a volume fraction MnO, nanotubes, increases a
thermal conductivity of the resultant nanofluid. As shown,
for a Volume fraction of about 0.0% MnO, nanotubes, the
Thermal conductivity was about 0.615 W/m K. For a Vol-
ume fraction of about 0.005% MnO, nanotubes, the Thermal
conductivity was about 0.635 W/m K. For a Volume fraction
of'about 0.008% MnO, nanotubes, the Thermal conductivity
was about 0.652 W/m K. For a Volume fraction of about
0.01% MnO, nanotubes, the Thermal conductivity was
about 0.659 W/m K. For a Volume fraction of about 0.015%
MnO, nanotubes, the Thermal conductivity was about 0.662
W/m K. For a Volume fraction of about 0.02% MnO,
nanotubes, the Thermal conductivity was about 0.67 W/m K.

FIG. 4 illustrates a graph of Thermal conductivity (W/m
K) v. Volume fraction (%) of MnO, nanotubes in a base fluid
of ethylene glycol. FIG. 4 illustrates that, in an example, an
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increase in a volume fraction MnO, nanotubes, increases a
thermal conductivity of the resultant nanofluid. As shown,
for a Volume fraction of about 0.0% MnQO, nanotubes, the
Thermal conductivity was about 0.248 W/m K. For a Vol-
ume fraction of about 0.005% MnO, nanotubes, the Thermal
conductivity was about 0.252 W/m K. For a Volume fraction
of'about 0.008% MnO, nanotubes, the Thermal conductivity
was about 0.265 W/m K. For a Volume fraction of about
0.01% MnO, nanotubes, the Thermal conductivity was
about 0.267 W/m K. For a Volume fraction of about 0.015%
MnO, nanotubes, the Thermal conductivity was about 0.272
W/m K. For a Volume fraction of about 0.02% MnO,
nanotubes, the Thermal conductivity was about 0.274 W/m
K.

FIG. 5 illustrates a graph of Thermal conductivity (W/m
K) v. Temperature (degrees Celsius) for MnO, nanotubes in
a base fluid of de-ionized water. FIG. 5 illustrates that, in an
example, as an operating temperature increases, a thermal
conductivity of a nanofiuid increases in proportion to a
volume fraction of MnO, nanotubes. A summary of the data
in the figure is repeated below.

MnO, volume % relative ~ Thermal conductivity Temperature

to fluid volume (W/m K) (degrees Celsius)
0.005 0.635 25
0.005 0.654 30
0.005 0.6687 35
0.005 0.682 40
0.005 0.7 45
0.005 0.754 50
0.008 0.652 25
0.008 0.667 30
0.008 0.675 35
0.008 0.722 40
0.008 0.794 45
0.008 0.823 50
0.01 0.659 25
0.01 0.671 30
0.01 0.671 35
0.01 0.731 40
0.01 0.80 45
0.01 0.855 50
0.015 0.662 25
0.015 0.674 30
0.015 0.695 35
0.015 0.741 40
0.015 0.813 45
0.015 0.708 50
0.02 0.67 25
0.02 0.687 30
0.02 0.708 35
0.02 0.767 40
0.02 0.852 45
0.02 0.90 50

FIG. 6 illustrates a graph of Thermal conductivity (W/m
K) v. Temperature (degrees Celsius) for MnO, nanotubes in
a base fluid of ethylene glycol. FIG. 6 illustrates that, in an
example, as an operating temperature increases, a thermal
conductivity of a nanofiuid increases in proportion to a
volume fraction of MnO, nanotubes. A summary of the data
in the figure is repeated below.

MnO, volume % relative ~ Thermal conductivity Temperature

to fluid volume (W/m K) (degrees Celsius)
0.005 0.254 25
0.005 0.256 30
0.005 0.261 35
0.005 0.269 40
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-continued

MnO, volume % relative ~ Thermal conductivity Temperature

to fluid volume (W/m K) (degrees Celsius)
0.005 0.272 45
0.005 0.279 50
0.008 0.264 25
0.008 0.268 30
0.008 0.271 35
0.008 0.274 40
0.008 0.284 45
0.008 0.279 50
0.01 0.267 25
0.01 0.271 30
0.01 0.279 35
0.01 0.283 40
0.01 0.286 45
0.01 0.292 50
0.015 0.272 25
0.015 0.278 30
0.015 0.281 35
0.015 0.285 40
0.015 0.296 45
0.015 0.296 50
0.02 0.274 25
0.02 0.279 30
0.02 0.283 35
0.02 0.287 40
0.02 0.301 45
0.02 0.305 50

FIG. 7 illustrates a graph of Electrical conductivity (uS/
cm) v. Temperature (degrees Celsius) for de-ionized water
and for MnO, nanotubes combined with a base fluid of
de-ionized water. FIG. 7 illustrates that, in an example, as an
operating temperature increases, an electrical conductivity
of a nanofluid increases in proportion to a volume fraction
of MnO, nanotubes and remains below 15 pS/cm at an
operating temperature of 50 degrees Celsius. A summary of
the data in the figure is repeated below. In an example, the
electrical conductivity of 0.005 volume % manganese oxide
nanotubes in a base fluid of ethylene glycol may be about
1.23 puS/cm at about 27 degrees Celsius and about 1.95
uS/cm at about 32 degrees Celsius.

Electrical conductivity of
Electrical conductivity of 0.005 volume % MNT/DI

T (degrees C.) DI Water (uS/cm) Water (uS/cm)

25 3.24 5
30 5.68 7.5
35 6.9 9
40 7.32 11
45 8.43 12.8
50 9.18 14.1

Among other possible benefits, a nanofluid coolant
formed in accordance with the present disclosure may be
used directly cool an object or device. For example, the
object or device may be submersed in the nanofluid coolant
and/or the nanofluid coolant may be flowed over the object
or device. Liquid cooling may offer higher heat transfer
coeflicients than air cooling resulting in faster heat removal
from a surface. A jet may be used for impingement cooling
of hot spots using the nanofluid coolant. As the nanofluid
coolant may have a relatively high thermal conductivity and
a relative low electrical conductivity, the coolant may be
used to directly cool electrical devices, or to cool devices
where it is desirable to limit electrical conductivity such as
circuit boards or servers.

In accordance with the present disclosure, the manganese
oxide nanotubes may be functionalized in an environmen-
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tally friendly and cost effective manner with limited unde-
sirable effluents. Surfactants need not necessarily be used to
functionalize the nanotubes. Such surfactants may affect the
viscosity, affect the thermal properties, corrode or otherwise
affect the stability and/or properties of the manganese oxide
nanotubes. As a relatively small percentage volume of
manganese oxide nanotubes may be used, less agglomera-
tion of particles may be realized so that pumping of the
nanofluid coolant may be easier in examples where the
nanofluid coolant is moved through or across a device.

FIG. 8 depicts a flow diagram for an example process 200
for forming a nanofluid coolant in accordance with at least
some embodiments described herein. The process in FIG. 8
could be implemented using, for example, system 100
discussed above where processor 180 may be adapted via
instructions to control and facilitate the various processing
operations, actions or functions through interfaces as will be
further described with respect to FIG. 8. An example process
may include one or more operations, actions, or functions as
illustrated by one or more of blocks S2, S4, S6, S8, S10
and/or S12. Although illustrated as discrete blocks, various
blocks may be divided into additional blocks, combined into
fewer blocks, or eliminated, depending on the desired imple-
mentation.

Process 200 may begin at block S2, “Combine a com-
pound with an acid and with purified water to form a
solution, wherein the compound includes manganese.” At
block S2, a processor may be configured to combine, such
as through control of containers and associated valves, a
compound with an acid and with purified water. The com-
bination may be stirred by a stirrer, under control by a
processor, for a time interval of about 10 minutes to about
60 minutes to form the solution. In an example, the com-
pound may be KMnO,, the acid may be HCI, HNO,, H,SO,,
etc. and the purified water may be distilled and/or de-ionized
water.

Processing may continue from block S2 to block S4,
“Heat the solution effective to form at least one precipitate
that includes manganese and oxygen.” At block S4, a
processor may be configured to control an oven to heat the
solution to form at least one precipitate. In an example, the
oven may be controlled to a temperature in a range of about
100 degrees Celsius to about 180 degrees Celsius. The
solution may be heated in the oven for a time interval of
about 10 hours to about 14 hours. A temperature of the oven
may then be cooled to a range of about 20 degrees Celsius
to about 30 degrees Celsius over a time interval of about 1.5
hours to about 2 hours to form the precipitates.

Processing may continue from block S4 to block S6,
“Filter the at least one precipitate to form a powder including
manganese oxide nanotubes.” At block S6, the processor
may be configured to control a filter to filter the precipitate
to form a powder including manganese oxide nanotubes.
The powder may be repeatedly filtered, such as for example
four repetitions, through the filter including being washed
with water, until the powder has a pH of about 7. The water
may be at a temperature in a range of about 60 degrees
Celsius to about 70 degrees Celsius.

Processing may continue from block S6 to block S8,
“Heat the powder at a temperature in a range of about 70
degrees Celsius to about 90 degrees Celsius to form dried
manganese oxide nanotubes.” At block S8, the processor
may be configured to control an oven to heat the powder at
atemperature in a range of about 70 degrees Celsius to about
90 degrees Celsius to form dried manganese oxide nano-
tubes.
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Processing may continue from block S8 to block S10,
“Irradiate the manganese oxide nanotubes with electromag-
netic radiation effective to form functionalized manganese
oxide nanotubes.” At block S10, the processor may be
configured to control an electromagnetic source to irradiate
the manganese oxide nanotubes with electromagnetic radia-
tion to form functionalized manganese oxide nanotubes. In
an example, the radiation may be between about 100 nm and
about 400 nm and for a time interval of about 1 hour to about
7 hours.

Processing may continue from block S10 to block S12,
“Combine the functionalized manganese oxide nanotubes
with a polar solvent to form the nanofluid coolant.” At block
S12, the processor may be configured to combine, such as
through control of containers and associated valves, the
functionalized manganese oxide nanotubes with a polar
solvent to form the nanofluid coolant. In an example, the
polar solvent may be distilled water, de-ionized water,
ethylene glycol, propylene glycol, etc. In an example, a
volume percentage of functionalized manganese oxide
nanotubes with respect to the base fluid may be about 0.0001
volume % to about 0.1 volume %. The processor may further
control a sonicator to disperse the functionalized manganese
oxide nanotubes in the base fluid to form the nanofluid
coolant. In an example, the sonicator may be controlled to
disperse the nanotubes for a time interval of about 20
minutes to about 60 minutes with waves at a frequency of
about 40 kHz.

FIG. 9 illustrates a computer program product that can be
utilized to implement nanofluid coolant formation in accor-
dance with at least some embodiments described herein.
Computer program product 300 may include a signal bear-
ing medium 302. Signal bearing medium 302 may include
one or more instructions 304 that, when executed by, for
example, a processor, may provide the functionality
described above with respect to FIGS. 1-8. Thus, for
example, referring to system 100, processor 180 may under-
take one or more of the blocks shown in FIG. 9 in response
to instructions 304 conveyed to the system 100 by signal
bearing medium 302.

In some implementations, signal bearing medium 302
may encompass a computer-readable medium 306, such as,
but not limited to, a hard disk drive, a Compact Disc (CD),
a Digital Video Disk (DVD), a digital tape, memory, etc. In
some implementations, signal bearing medium 302 may
encompass a recordable medium 308, such as, but not
limited to, memory, read/write (R/W) CDs, R/W DVDs, etc.
In some implementations, signal bearing medium 302 may
encompass a communications medium 310, such as, but not
limited to, a digital and/or an analog communication
medium (e.g., a fiber optic cable, a waveguide, a wired
communications link, a wireless communication link, etc.).
Thus, for example, computer program product 300 may be
conveyed to one or more modules of the system 100 by an
RF signal bearing medium 302, where the signal bearing
medium 302 is conveyed by a wireless communications
medium 310 (e.g., a wireless communications medium
conforming with the IEEE 802.11 standard).

FIG. 10 is a block diagram illustrating an example com-
puting device that is arranged to implement nanofluid cool-
ant formation according to at least some embodiments
described herein. In a very basic configuration 402, com-
puting device 400 typically includes one or more processors
404 and a system memory 406. A memory bus 408 may be
used for communicating between processor 404 and system
memory 406.
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Depending on the desired configuration, processor 404
may be of any type including but not limited to a micro-
processor (uP), a microcontroller (uC), a digital signal
processor (DSP), or any combination thereof. Processor 404
may include one more levels of caching, such as a level one
cache 410 and a level two cache 412, a processor core 414,
and registers 416. An example processor core 414 may
include an arithmetic logic unit (ALU), a floating point unit
(FPU), a digital signal processing core (DSP Core), or any
combination thereof. An example memory controller 418
may also be used with processor 404, or in some implemen-
tations memory controller 418 may be an internal part of
processor 404.

Depending on the desired configuration, system memory
406 may be of any type including but not limited to volatile
memory (such as RAM), non-volatile memory (such as
ROM, flash memory, etc.) or any combination thereof.
System memory 406 may include an operating system 420,
one or more applications 422, and program data 424. Appli-
cation 422 may include a nanofluid coolant formation algo-
rithm 426 that is arranged to perform the various functions/
actions/operations as described herein including at least
those described with respect to system 100 of FIGS. 1-9.
Program data 424 may include nanofluid coolant formation
data 428 that may be useful for implementing nanofluid
coolant formation as is described herein. In some embodi-
ments, application 422 may be arranged to operate with
program data 424 on operating system 420 such that nano-
fluid coolant formation may be provided. This described
basic configuration 402 is illustrated in FIG. 10 by those
components within the inner dashed line.

Computing device 400 may have additional features or
functionality, and additional interfaces to facilitate commu-
nications between basic configuration 402 and any required
devices and interfaces. For example, a bus/interface con-
troller 430 may be used to facilitate communications
between basic configuration 402 and one or more data
storage devices 432 via a storage interface bus 434. Data
storage devices 432 may be removable storage devices 436,
non-removable storage devices 438, or a combination
thereof. Examples of removable storage and non-removable
storage devices include magnetic disk devices such as
flexible disk drives and hard-disk drives (HDD), optical disk
drives such as compact disk (CD) drives or digital versatile
disk (DVD) drives, solid state drives (SSD), and tape drives
to name a few. Example computer storage media may
include volatile and nonvolatile, removable and non-remov-
able media implemented in any method or technology for
storage of information, such as computer readable instruc-
tions, data structures, program modules, or other data.

System memory 406, removable storage devices 436 and
non-removable storage devices 438 are examples of com-
puter storage media. Computer storage media includes, but
is not limited to, RAM, ROM, EEPROM, flash memory or
other memory technology, CD-ROM, digital versatile disks
(DVD) or other optical storage, magnetic cassettes, mag-
netic tape, magnetic disk storage or other magnetic storage
devices, or any other medium which may be used to store the
desired information and which may be accessed by com-
puting device 400. Any such computer storage media may be
part of computing device 400.

Computing device 400 may also include an interface bus
440 for facilitating communication from various interface
devices (e.g., output devices 442, peripheral interfaces 444,
and communication devices 446) to basic configuration 402
via bus/interface controller 430. Example output devices
442 include a graphics processing unit 448 and an audio
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processing unit 450, which may be configured to commu-
nicate to various external devices such as a display or
speakers via one or more A/V ports 452. Example peripheral
interfaces 444 include a serial interface controller 454 or a
parallel interface controller 456, which may be configured to
communicate with external devices such as input devices
(e.g., keyboard, mouse, pen, voice input device, touch input
device, etc.) or other peripheral devices (e.g., printer, scan-
ner, etc.) via one or more I/O ports 458. An example
communication device 446 includes a network controller
460, which may be arranged to facilitate communications
with one or more other computing devices 462 over a
network communication link via one or more communica-
tion ports 464.

The network communication link may be one example of
a communication media. Communication media may typi-
cally be embodied by computer readable instructions, data
structures, program modules, or other data in a modulated
data signal, such as a carrier wave or other transport mecha-
nism, and may include any information delivery media. A
“modulated data signal” may be a signal that has one or
more of its characteristics set or changed in such a manner
as to encode information in the signal. By way of example,
and not limitation, communication media may include wired
media such as a wired network or direct-wired connection,
and wireless media such as acoustic, radio frequency (RF),
microwave, infrared (IR) and other wireless media. The term
computer readable media as used herein may include both
storage media and communication media.

Computing device 400 may be implemented as a portion
of a small-form factor portable (or mobile) electronic device
such as a cell phone, a personal data assistant (PDA), a
personal media player device, a wireless web-watch device,
a personal headset device, an application specific device, or
a hybrid device that include any of the above functions.
Computing device 400 may also be implemented as a
personal computer including both laptop computer and
non-laptop computer configurations.

The present disclosure is not to be limited in terms of the
particular embodiments described in this application, which
are intended as illustrations of various aspects. Many modi-
fications and variations can be made without departing from
its spirit and scope, as will be apparent to those skilled in the
art. Functionally equivalent methods and apparatuses within
the scope of the disclosure, in addition to those enumerated
herein, will be apparent to those skilled in the art from the
foregoing descriptions. Such modifications and variations
are intended to fall within the scope of the appended claims.
The present disclosure is to be limited only by the terms of
the appended claims, along with the full scope of equivalents
to which such claims are entitled. It is to be understood that
this disclosure is not limited to particular methods, reagents,
compounds compositions or biological systems, which can,
of course, vary. It is also to be understood that the termi-
nology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting.

With respect to the use of substantially any plural and/or
singular terms herein, those having skill in the art can
translate from the plural to the singular and/or from the
singular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may
be expressly set forth herein for sake of clarity.

It will be understood by those within the art that, in
general, terms used herein, and especially in the appended
claims (e.g., bodies of the appended claims) are generally
intended as “open” terms (e.g., the term “including” should
be interpreted as “including but not limited to,” the term
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“having” should be interpreted as “having at least,” the term
“includes” should be interpreted as “includes but is not
limited to,” etc.). It will be further understood by those
within the art that if a specific number of an introduced claim
recitation is intended, such an intent will be explicitly recited
in the claim, and in the absence of such recitation no such
intent is present. For example, as an aid to understanding,
the following appended claims may contain usage of the
introductory phrases “at least one” and “one or more” to
introduce claim recitations. However, the use of such
phrases should not be construed to imply that the introduc-
tion of a claim recitation by the indefinite articles “a” or “an”
limits any particular claim containing such introduced claim
recitation to embodiments containing only one such recita-
tion, even when the same claim includes the introductory
phrases “one or more” or “at least one” and indefinite
articles such as “a” or “an” (e.g., “a” and/or “an” should be
interpreted to mean “at least one” or “one or more”); the
same holds true for the use of definite articles used to
introduce claim recitations. In addition, even if a specific
number of an introduced claim recitation is explicitly
recited, those skilled in the art will recognize that such
recitation should be interpreted to mean at least the recited
number (e.g., the bare recitation of “two recitations,” with-
out other modifiers, means at least two recitations, or two or
more recitations). Furthermore, in those instances where a
convention analogous to “at least one of A, B, and C, etc.”
is used, in general such a construction is intended in the
sense one having skill in the art would understand the
convention (e.g., “a system having at least one of A, B, and
C” would include but not be limited to systems that have A
alone, B alone, C alone, A and B together, A and C together,
B and C together, and/or A, B, and C together, etc.). In those
instances where a convention analogous to “at least one of
A, B, or C, etc.” is used, in general such a construction is
intended in the sense one having skill in the art would
understand the convention (e.g., “a system having at least
one of A, B, or C” would include but not be limited to
systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A, B,
and C together, etc.). It will be further understood by those
within the art that virtually any disjunctive word and/or
phrase presenting two or more alternative terms, whether in
the description, claims, or drawings, should be understood to
contemplate the possibilities of including one of the terms,
either of the terms, or both terms. For example, the phrase
“A or B” will be understood to include the possibilities of
“A” or “B” or “A and B.”

In addition, where features or aspects of the disclosure are
described in terms of Markush groups, those skilled in the
art will recognize that the disclosure is also thereby
described in terms of any individual member or subgroup of
members of the Markush group.

As will be understood by one skilled in the art, for any and
all purposes, such as in terms of providing a written descrip-
tion, all ranges disclosed herein also encompass any and all
possible subranges and combinations of subranges thereof.
Any listed range can be easily recognized as sufficiently
describing and enabling the same range being broken down
into at least equal halves, thirds, quarters, fifths, tenths, etc.
As a non-limiting example, each range discussed herein can
be readily broken down into a lower third, middle third and
upper third, etc. As will also be understood by one skilled in
the art all language such as “up to,” “at least,” “greater than,”
“less than,” and the like include the number recited and refer
to ranges which can be subsequently broken down into
subranges as discussed above. Finally, as will be understood
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by one skilled in the art, a range includes each individual
member. Thus, for example, a group having 1-3 cells refers
to groups having 1, 2, or 3 cells. Similarly, a group having
1-5 cells refers to groups having 1, 2, 3, 4, or 5 cells, and so
forth.

While various aspects and embodiments have been dis-
closed herein, other aspects and embodiments will be appar-
ent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustra-
tion and are not intended to be limiting, with the true scope
and spirit being indicated by the following claims.

What is claimed is:

1. A method of forming a nanofluid, the method compris-
ing:

combining a compound with an acid and with purified

water to form a solution, wherein the compound
includes manganese;

heating the solution;

after heating the solution, cooling the solution effective to

form at least one precipitate that includes manganese,
oxygen and manganese oxide nanotubes;

filtering the at least one precipitate to form a powder that

includes at least some of the manganese oxide nano-
tubes;

irradiating the powder with electromagnetic radiation

effective to form functionalized manganese oxide
nanotubes; and

combining the functionalized manganese oxide nanotubes

with a polar solvent to form the nanofluid.

2. The method as recited in claim 1, wherein the func-
tionalized manganese oxide nanotubes comprise hydroxyl
groups.

3. The method as recited in claim 1, wherein the polar
solvent comprises at least one of de-ionized water, ethylene
glycol or propylene glycol; and the compound comprises
KMnO,.

4. The method as recited in claim 1, wherein a volume
percentage of the manganese oxide nanotubes in the nano-
fluid is in a range between about 0.0001 volume % and about
0.1 volume %.

5. The method as recited in claim 1, wherein:

the compound includes KMnO,,;

the polar solvent comprises at least one of de-ionized

water, ethylene glycol or propylene glycol;

heating the solution further comprises heating the solution

to a first temperature in a first range of about 100
degrees Celsius to about 180 degrees Celsius for a first
time interval in a first time range of about 10 hours to
about 14 hours;

cooling the solution further comprises cooling the solu-

tion to a second temperature in a second temperature
range of about 20 degrees Celsius to about 30 degrees
Celsius over a second time interval in a second time
range of about 1.5 hours to about 2 hours;

a volume percentage of the functionalized manganese

oxide nanotubes in the nanofluid is in a range between
about 0.0001 volume % and about 0.1 volume %; and
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the method further comprising:

heating the powder to a third temperature in a third
temperature range of about 70 degrees Celsius to
about 90 degrees Celsius to form dried manganese
oxide nanotubes;

irradiating the dried manganese oxide nanotubes with
electromagnetic radiation over a time interval effec-
tive to form the functionalized manganese oxide
nanotubes, wherein the electromagnetic radiation
has a wavelength in a range of about 100 nm to about
400 nm, and the time interval is in a range of about
1 hour to about 7 hours; and

dispersing the functionalized manganese oxide nano-
tubes in the polar solvent by sonication.

6. The method as recited in claim 1, wherein the manga-
nese oxide nanotubes are hollow and have at least two
physical dimensions, where each physical dimension is
between about 1 nm and about 100 nm.

7. The method as recited in claim 1, wherein the nano-
tubes have a tube shape with a diameter in a range of about
25 nm to about 100 nm, a length in a range of about 1 mm
to about 10 mm, and/or an aspect ratio of about 10 to about
100.

8. The method as recited in claim 1, wherein an electrical
conductivity of the nanofluid is in a range of between about
5 uS/ecm and about 15 puS/cm.

9. A method of forming a nanofluid, the method compris-
ing:

combining KMnO, with an acid and with purified water

to form a solution;

heating the solution;

after heating the solution, cooling the solution effective to

form at least one precipitate that includes manganese,

oxygen and manganese oxide nanotubes;

filtering the at least one precipitate to form a powder that

includes at least some of the manganese oxide nano-

tubes;

irradiating the powder with electromagnetic radiation

effective to form functionalized manganese oxide

nanotubes; and

combining the functionalized manganese oxide nanotubes

with a polar solvent to form the nanofluid,

wherein:

an electrical conductivity of the nanofluid is greater
than about 53% of the electrical conductivity of the
polar solvent at a temperature in a range of about 23
degrees Celsius to about 52 degrees Celsius;

a thermal conductivity of the nanofluid is greater than
about 45% of the thermal conductivity of the polar
solvent at a temperature in a range of about 23
degrees Celsius to about 52 degrees Celsius; and

a volume percentage of the functionalized manganese
oxide nanotubes in the nanofluid is less than about
0.04 volume %.
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